ysembryoplastic neuroepithelial tumors constitute a distinct clinicopathological entity among brain tumors. This tumor type is most frequently diagnosed in children and young adults and is typically located within the temporal cortex. Intractable epilepsy is the most common presentation of DNETs, which account for ~ 14-18% of tumors in surgical epilepsy series.
D
ysembryoplastic neuroepithelial tumors constitute a distinct clinicopathological entity among brain tumors. This tumor type is most frequently diagnosed in children and young adults and is typically located within the temporal cortex. Intractable epilepsy is the most common presentation of DNETs, which account for ~ 14-18% of tumors in surgical epilepsy series. 11 A vast majority of these lesions are located in the supratentorial cerebral cortex. Dysembryoplastic neuroepithelial tumors with an extracortical location have been reported in only 20 patients so far. 1, 2, 5, [7] [8] [9] 11, 12, 16 These atypical locations are mostly intraventricular and include the caudate nucleus and septum pellucidum. We report on a child with a unique extracortical location of DNET. This tumor had significant pericallosal extension along the intra-and paraventricular components of the lesion.
Case Report
History and Examination. This 15-year-old, previously healthy boy presented with a single generalized tonic-clonic seizure. He had no previous history of epilepsy, and his medical history was only remarkable for poor attention and concentration in school. Results of his physical and neurological examination were normal. A CT scan revealed a poorly defined, nonenhancing mass lesion with low attenuation, which appeared to be centered on the corpus callosum and extended to the septum pellucidum, with a large intraventricular component as well. Admission MR images were remarkable for a hypointense mass on T1-weighted images and a hyperintense mass lesion involving the superior portion of the corpus callosum bilaterally on T2-weighted images (Fig.  1 ). The lesion also had a large intraventricular component that involved the right leaflet of the cavum septum pellucidum and cavum vergae by extending toward the left lateral ventricle walls and creating a mass lesion in the left frontal horn of the left lateral ventricle, with an extension toward the left foramen of Monro.
Considering the extensive tumor involvement of ependymal layers and corpus callosum, it was decided that total resection of the lesion was not feasible and that Operation and Postoperative Course. The corpus callosum was exposed via an interhemispheric approach. The supracallosal cistern was found to be filled with white-gray colored, gelatinous tumor tissue. The lesion lined the surface of the corpus callosum but seemingly did not involve it, at least on the midline. However, the tumor had infiltrated the lateral part of the callosum. The tumor was easily peeled off from the corpus callosum with a dissector on the midline, and the left lateral ventricle was entered transcallosally. The intraventricular component of the tumor along the part involving the septum pellucidum was resected. Samples from supracallosal, callosal, and intraventricular parts of the tumor were also obtained as separate specimens for pathological examination. The patient's postoperative course was uneventful and his seizures were well controlled with levetiracetam (Keppra). The patient received no adjuvant treatment, and he was followed with serial MR images (Fig. 2) . The last follow-up MR imaging examination, performed 3 years after surgery, showed stable residual mass lesion with no neuroimaging changes.
Pathological Findings. Although the tumor was originally interpreted as a central neurocytoma based on the endoscopic biopsy specimens, with the larger specimens obtained at craniotomy we established that the lesion was a DNET (WHO Grade I). On histological examination, the tumor was composed predominantly of small oligodendrocyte-like cells with round to slightly oval nuclei and perinuclear halos, which were distributed throughout a mucin-rich background with scattered hypocellular microcysts. A few floating neurons were identified within some of the mucinous areas (Fig. 3) . Nodular architecture was not observed. Immunohistochemical staining showed synaptophysin and neurofilament reactivity within scattered neurons and their processes within the tumor; however, the small oligodendrocytic cells were nonreactive. Scattered glial fibrillary acidic protein-positive reactive astrocytes were present. The tumor showed no atypical histological features. The MIB-1 (Ki 67) proliferation index was < 1%.
Discussion
Dysembryoplastic neuroepithelial tumors are benign, focal, intracortically located solid tumors with cystic/mi- crocystic components that are seen mostly in children and young adults. They are frequently associated with a surrounding zone of cortical dysplasia and nearly always present with seizures. 10, 11 As detailed in Daumas-Duport et al. 4 and in Leung et al., 9 Cavanagh was the first author who defined a peculiar lesion with oligodendrogliomalike histological characteristics in some temporal lobe specimens removed in patients with epilepsy in 1958. In 1988, Daumas-Duport and colleagues 4 reported 39 similar tumors and named the lesion DNET. Although the DNET has many features similar to oligodendroglioma, it is frequently located intracortically and has a distinctive multinodular architecture. The DNET is characterized by alveolar arrangement of oligodendroglia-like cells around delicate capillaries and a heterogeneous cellular composition, with mucoid matrix containing floating ganglion cells. 1 Histologically, DNETs can be classified as complex and simple. The complex form has multinodular architecture with nodular components containing varying cell types as well as foci of dysplastic cortical organization. The simple form only includes specific glioneuronal elements. 2, 11 It had been initially suggested that DNETs may be derived from the secondary germinal layer of the developing cerebrum, particularly the subpial granular layer, 8 although this hypothesis remains unproved. 3 The biology of DNET is poorly understood. There are conflicting opinions in the literature as to whether DNETs are true neoplasms or hamartomas. Several factors suggest that DNETs have a dysembryogenetic origin, includ- ing the frequent association with cortical dysplasia, young age at onset of symptoms, and evidence of deformity of the overlying skull. 14 The strong association with cortical dysplasia also implies a tumor origin from precursor cells during cortical development, and even a hamartomatous nature. 8, 16 The DNET is typically an intracortically located supratentorial mass lesion and is mostly seen in the temporal lobe. However, (although rarely), DNETs can also arise in various extracortical locations corresponding to the secondary germinal layers, including the dentate fascia, subpial germinal layer, subependymal germinal layer, and external granular layer in the cerebellum.
In the literature, there are just a few reports discussing extracortically located DNET cases. To the best of our knowledge, only 20 DNET cases with an extracortical location have been reported so far ( Table 1 ). The single largest series was reported by Baisden and colleagues, 1 and included 3 children and 7 adult patients. In this series, only 2 patients presented with seizures, and headache was the main symptom in the others. All lesions were located in the anterior or inferior septum pellucidum and extended into the foramen of Monro, and in some cases even into the third ventricle. All patients underwent resection, with good outcome. Pathologically, all lesions had characteristic features of DNET, including oligodendrocyte-like cells, floating neurons, and the specific glioneuronal elements. However, internal nodular architecture was not detected.
1 Cervera-Pierot and colleagues 2 described 4 cases of a simple form of DNET located in the caudate nucleus with intraventricular extension. Three of these patients presented with seizures and 1 presented with headache. All lesions lined the caudate with intraventricular extensions. One of them also had septum pellucidum involvement. These authors stated that the topography of the lesions in their series coincided with that of the subependymal plate proliferative zone that is situated beneath the lateral ventricle and lines the caudate nuclei. Therefore they believe that their findings are in agreement with reports that DNETs may derive from the secondary germinal layer. A few other cases in similar locations were reported by Wang and colleagues 16 and Guesmi and colleagues. 5 Two other cases of extracortical DNET lesions located intraventricularly and originating from the septum pellucidum were reported by Harter and colleagues 7 and Ongürü and colleagues 12 in 2 separate articles. Minkin and colleagues 10 recently reported on 24 children with DNET. It is not clear whether there were any extracortically located lesions in this series, but 2 of these lesions' locations were reported as the frontocentral region.
Our case is another example of an atypically located extracortical DNET, but it is unique because of the intraventricular and supracallosal multifocal dissemination of the tumor. To the best of our knowledge, corpus callosum involvement of DNET with intra-and periventricular/supracallosal extension has not been previously reported. The lesion presented here has an extensive involvement with the supracallosal cistern and lateral callosum, septum pellucidum, and lateral ventricle ependyma, and it also has a large solitary intraventricular component. Our case also reiterates the difficulty in differentiating the histological characteristics of central neurocytoma and DNET in extracortical locations. It may be especially challenging to differentiate it from central neurocytoma when the lesion is located in periventricular and intraventricular areas, as in our case. 15 Central neurocytoma is an uncommon, benign tumor of the brain that frequently attaches to or arises from the septum pellucidum and can also be located in the foramina of Monro; it predominantly occurs in young patients. 9, 17 Both central neurocytoma and DNET can focally share similar histological features, which in a very small specimen could be very difficult to distinguish. The initial impression of central neurocytoma in our patient was suggested by the presence of rather prominent synaptophysin immunoreactivity in conjunction with the presence of the oligodendrocyte-like cells. The more characteristic architecture of DNET was not apparent until additional tissue became available. The distinction of DNET from central neurocytoma may be significant for the long-term management plan. The majority of central neurocytomas have a good prognosis, but unlike DNETs, malignant transformation can be seen in central neurocytoma patients, and radiation therapy may be considered in subtotally resected lesions. Because DNETs are very stable lesions with almost no malignant transformation, it is important to diagnose them correctly and to distinguish them from central neurocytomas to avoid useless, even potentially harmful additional treatments such as radiotherapy. 5, 6, 13 The DNET is considered to be a benign lesion with a very indolent nature in general, and can even be followed with neuroimaging if the patient is asymptomatic.
Conclusions
Dysembryoplastic neuroepithelial tumors are a pathologically distinct group of lesions located mostly in the temporal lobe, with neoplastic nodules in the cerebral cortex. Although rare, they can be seen in different locations, mostly intra-or periventricular. Here we describe a unique case of DNET with an extensive pericallosal involvement along with intraventricular, septal components. Correct pathological diagnosis of extracortically located DNETs is challenging, especially if the tissue sample is small because of stereotactic or endoscopic sampling. However, a correct diagnosis is crucial to avoid potentially harmful and unnecessary treatment modalities such as radiation therapy. Therefore, satisfactory sampling for histological examination is highly important in these cases.
